Resistivity a b s t r a c t ␣ Fe 2 O 3 is naturally n-type material. Zn was used to dope ␣-Fe 2 O 3 (Zn: Fe 2 O 3 ) to turn it into p-type. The thin film of Zn: Fe 2 O 3 was obtained by spin coating a blend of Zinc acetate (Zn (CH 3 COO) 2 2H 2 O) and FeCl 2 after annealing the film in air. Zn-doped-Fe 2 O 3 was found as a p-type semiconductor by Hall Measurement. Effect of annealing at 450 • C and 550 • C temperature on electrical properties were also investigated. The resistivity of those films was found to be between 1 and 10 -m. It was observed that the resistivity of the films increases with increasing temperature for most of the sample. It was also observed that the resistivity of the film is inversely proportional to the increasing number of film layer and thickness within most of the sample. Atomic Force Microscopy (AFM) was used to observe the surface morphology of the annealed film on glass substrate. The variation of the average roughness of annealed film on the glass substrate was from 60 nm to 98 nm and the thickness was 160 nm to 540 nm.
Introduction
Non-conventional energy sources have a great significance for the world's future, given the environmental issues related to energy generation and energy's importance in our society. To overcome a predictable energy crisis, there are intense researches on alternative energy harvesting techniques [1] [2] [3] . Solar energy is a good solution for these energy crises [4] . Hematite (␣-Fe 2 O 3 ) is an attractive material for PEC (Photoelectrochemical) studies due to its ban-gap (E g = 2.2 eV), lying nearly in the optimum range for the solar splitting of water. Based on this band gap, solar energy has absorbed were sun emits maximum energy. Besides, ␣-Fe 2 O 3 is naturally abundant in the earth's crust and is, therefore a low-cost material. It is also corrosion-resistant in acidic and alkaline medium [5] [6] [7] [8] [9] [10] . One major drawback of Fe 2 O 3 is its unfavourable photoresponse that arises mainly due to its low conductivity and consequent recombination of photo-generated carriers. Moreover to make a homo-junction of Fe 2 O 3 , which is naturally, n-type, p-type conduction in Fe 2 O 3 is needed that is long-term stability. After the first report of Fujishima on photo-assisted electrochemical water oxidation on TiO 2 in 1972 [11] researchers have been investigating the wide bandgap metal-oxide semiconductors such as titanium dioxide (TiO 2 ), zinc oxide (ZnO), iron oxide like hematite (␣-Fe 2 O 3 ) and tin dioxide (SnO 2 ) for their application in solar cells, solar fuel, photocatalysis and energy storage devices [12] . In our recent past, Photoresponse of p-Type Zn:Fe 2 O 3 Oxide Thin Films has been investigated by William B. Jr, John P and U. M. Khan [13] .
One of the fundamental aim of this research to make p-type Zn doped Iron(III) Oxide thin films, analyzing their electrical properties and to learn the fabrication which can be used as a solar cell or homojunction material for any kinds of semiconductor device in future. The present communication describes the PEC study on Zn-doped ␣-Fe 2 O 3 thin films prepared at different doping concentrations (0.1 M, 0.005 M and 0.0025 M). Resistivity was found to depend upon the doping concentration of Zn and thickness. For thin film deposition, there are various kinds of deposition methods like Chemical vapour deposition, Spin coating, Thermal evaporation, Dip coating. Spray pyrolysis etc [14] [15] [16] . Here we have applied spin coating methods in this research project, which is one of the easiest techniques for preparing thin films [17] . In this research Zn:Fe 2 O 3 thin films with different doping concentrations were prepared by the spin coating method and doping effects of these films after annealing were also studied. After synthesis Zn:Fe 2 O 3 solution is taken by micropipette and drop cast on glass surface then spin coated.
2.
Experimental methodology
Solution preparation for doping
The p and n-type semiconductor were separately prepared by a simple one-pot spin coating method on ultrasonically cleaned 1 × 1 inch sizes glass substrates. The substrates were also chemically cleaned with the piranha solution 
Annealing
Tw o sets of the sample were annealed after deposition at two different temperature (450 0 C & 550 0 C) for 4 h in a thermal annealing furnace (Carbolite CWF-1200). Then they were left to be cooled naturally to the room temperature.
Studies with atomic force microscope (AFM)
Atomic force microscope (AFM) [18] of model (XE 70) park system was used to study the roughness (nm) [19] of the all film surface. [20, 21] . It indicates that Zn is highly dispersed in the matrix of crystalline ␣-Fe 2 O 3 .
Results and discussion

X-ray diffraction (XRD) analysis
Resistivity measurement
The electrical resistivity of Zn:Fe 2 O 3 semiconductor measured by using Van Der Pauw's' technique [22, 23] . The resistivity variation of different layer Zn doped ␣-Fe 2 O 3 thin film at different temperature and different molar concentration are shown in the following table: Tables 1 and 2 It was observed that the resistivity of annealed films increases with temperature. The increase in resistivity was not linear. It was seen that the resistivity of the films decreased with decreasing the molar concentration.
Resistivity variation of different layer Zn doped ␣-Fe 2 O 3 thin film at a different temperature and different molar concentration are shown in Figs. 2-4 .
Resistivity at different temperature and different molar concentration in layer 5 as shown in Fig. 5 .
The stability of semiconductor type and carrier concentration were also investigated which is depicted in Table 3 . It is seen from the table that in six month time semiconductor type changed to n-type except for Zn:Fe 2 O 3 doped through 0.005 M of Zn-acetate.
Surface morphology study using AFM
The thickness of the Zn doped ␣-Fe 2 O 3 thin film varied with annealing temperature and a number of the film layer. Following Fig. 6 has shown the thickness (nm) variation of Zn doped ␣-Fe 2 O 3 thin film with temperature: The thickness of the film has been increased with increasing the number of the film layer and decreased with the increase of annealing temperature. This was due to the fact that increasing of annealing temperature reduces various 
Conclusions
The effect of different parameters (annealing temperature, thickness and molar concentration) on the electrical property of the spin-coated thin film of Zn:Fe 2 O 3 on the glass substrate has been investigated. It was observed that the resistivity of annealed films increases with temperature. The increase in resistivity was not linear. It was seen that the Resistivity of the films decreased with decreasing the molar concentration. At higher Zn-acetate concentration this may happen because of lower rate of conversion of Zn-acetate into Zn by dissociation into Zn +2 and 2(CH 3 COO)followed by hydrolysis. Similar effect has been reported for the conversion of CuSO 4 to Cu +2 by potassium borohydride [24] . Another reason may be the solid solubility limit of Zn into of Fe 2 O 3 . The semiconductor type was not stable for very long time, their properties were converted from p-type to n-type as well as the carrier concentration were degraded with the time to leave due to their solid format of zinc. But the Zn:Fe 2 O 3 doped at 0.005 M of Zn-acetate retained its p-type conduction for comparatively long time. It was also observed that the resistivity of the thin film decreases with increasing of film thickness (increasing number of film layer). Films with lower thickness may have defects like lattice defects, voids etc. These defects significantly contribute to resistivity. When the film thickness was increased more atoms are deposited on film surface which reduces the defects (voids, crystal defects [25] and dislocation density [26] ) on film. As a result, resistivity decreases.
The surface of Zn:Fe 2 O 3 was investigated with atomic force microscope (AFM) to see the effect of annealing on surface roughness. It was observed that the surface roughness and thickness was reduced after increasing the annealing temperature. This was due to the fact that increasing of annealing temperature reduces various types of defects like voids, crystal defects and dislocation density. So the film becomes more smooth which was expected for thin film. 
